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Abstract 
The problems of increasing in the bearing ability of reinforced concrete columns during reconstruction of buildings and structures 
of a different function are still rather acute. There are conditions of innovative material emergence in construction and a need for 
development of new constructive solutions for strengthening of the bearing designs. 
The paper presents some results of experimental research influence by the kind of concrete in cage constructions on the strength 
and deformability of concrete compressed elements. 
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With development of innovative materials in construction there is a need for development of new constructive 
solutions of strengthening of reinforced concrete columns holders, and also increases in the bearing ability of 
elements of reinforced concrete designs. This direction still remains to one of the most actual in construction. 
Development of economy in modern Russia demands not only constructions of the new enterprises, public buildings 
and constructions, but in most cases to reconstruct the existing production sites and capacities. Therefore now the 
volume of the reconstructed buildings, in particular industrial, and also platforms of pipelines and support of bridge 
designs considerably increases. Also there is an urgent need in utilization of various waste of metallurgical industry, 
such as: carving, waste of sheet hire. 
In development of works [1-4], authors of article have conducted pilot studies of influence on durability and a 
deformability of the squeezed reinforced concrete columns of a kind of concrete of strengthening. 
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For the purpose of development of new constructive solutions of strengthening of reinforced concrete columns, 
and also uses of perspective materials at reconstruction of buildings and constructions, authors of article according 
to norms of design of reinforced concrete elements [5, 6] have been made samples of columns with a section of 
80ɯ140 mm, 900 mm long (Ȝ = 39) of the self-condensed B20 (M250) concrete of structure 1:0,91:3,14 at the water 
cement relation 0,52. As large filler granite elimination of fraction of 0-5 mm was applied. The effect of self-
consolidation was reached by use of a chemical additive of polycarboxyl concentration of 1,5% of the mass of 
cement. Draft of a cone is 22-24 cm. Control of durability was exercised by test of concrete cubes of standard size. 
Longitudinal reinforcing of elements: 4 cores with a diameter of 8 mm of AIII (A400), limit of the fluidity of 440 
MPas, strength of 640 MPas, relative lengthening of 27%. Cross reinforcing is executed in the form of the closed 
collars from fittings of 5 mm of BP-I (B500) with a step of 120 mm. Strengthening of columns was made by holders 
of round section with use of the self-consolidating concrete (SCC) and self-consolidating fiber concrete (SCFC). In 
this research the "idealised" option of a fiber from a wire was used. It is in the long term planned to use in holder 
concrete a chopped steel sheet (or to use a ready chopped fiber from a leaf). 
For an exception the compressing of columns has been provided a strengthening design an “head of column”. 
The way of processing of a surface of the strengthened element has been chosen standard, that is in 1 hour prior to 
concreting the surface of a column was cleared of dust by brushes and were washed out by water. 
Holder constructions are made in two types: 
- SCC ȼ20 (Ɇ250) concrete mix 1:0,91:3,14; 
- SCFC, concrete-matrix ȼ20 (Ɇ250) concrete mix 1:0,91:3,14.  
For simplicity of the description of elements, the following designations are accepted: ALE –axial compression 
strengthened element with a holder is made of self-consolidating concrete; ALE (f) - the same, with a holder is made 
of steel fiber concrete. SNCE – the non-central compression element, strengthened by a holder is made of self-
consolidating concrete. SNCE (f) – the same, with a holder is made of steel fiber concrete. 
Reinforcing of holders of the ALE, SNCE elements is executed by analogy with [7], in the ALE (f), SNCE (f) 
elements is executed by combined:  
- rod, by analogy with the SNCE elements; 
- volume: with use of a steel wave brass fiber of the FSV-V-0,3/15(15ɯ0,3) brand. 
The percent of reinforcing is chosen according to [8] and has made 2% of fiber on volume. Height of holders of 
ALE, ALE (f) is accepted from experience of design to the equal height of a column; holders of SNCE, SNCE (f) - 
600 mm. 
As have shown researches [9], intensity of growth of durability of a steel fiber concrete with using of a high-
strength wave fiber 15ɯ0,3 is close to the fiber received for a steel fiber concrete with high-strength to anchors 
30ɯ0,3. The wave fiber of FSV-V-0,3/15 used in researches has allowed to receive steel fiber concrete with 
reinforcing percent more than 1,5% without formation of "hedgehogs" when hashing.  
It should be noted that the steel fiber was entered into composition of concrete gradually. As a result of use of an 
additive, and also uniform introduction of a fiber to concrete mix, formations of lumps and "hedgehogs" didn't 
occur; cement dough didn't accumulate on a fiber, and the fiber in turn was evenly distributed on the volume of a 
steel fiber concrete. It is worth referring effect of self-consolidation to number of positive properties, that is concrete 
mix wasn't condensed with mechanical means. Thus, labor input of production of reinforced concrete elements has 
been reduced. 
For prevention a compression in basic parts of a holder the step of cross collars decreased twice according to 
[10].  
 For measurement of deformations on longitudinal and cross fittings foil resistance strain gauges of KF5P1-20-
200 were pasted. The waterproofing was carried out by an epoxy layer. The arrangement of resistance strain gauges 
was the following: longitudinal fittings of the strengthened element and holder, cross fittings of a holder.  
For test elements are made with symmetric reinforcing on a forming site of Tolyatti reinforce concrete plant 
(Tolyatti, Samara region).  
Static tests are carried out in construction laboratory of "Industrial and Civil Engineering" department of the 
Tolyatti state university with use of a press of P-250 on the axial and non-central compression. The scheme of 
loading is presented in the form of hinges in basic parts of elements. Loading was put by the steps equal to 10% of 
an ultimate load. Registration of deformations was carried out by resistance strain station MMTS-64.01.  
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The conducted researches have shown that the AL reinforced concrete elements collapsed with formation of 
longitudinal cracks. The strengthened samples collapsed on a holder, noticeable peeling of concrete of holders it 
isn't revealed. Experimental elements collapsed on a holder with formation of longitudinal cracks, a swelling of 
longitudinal fittings it isn't revealed. Hind legs of destruction of holders are stood by existence in them of cross 
deformations (fig. 1). 
The ultimate load for samples of AL has averaged 225 kN. Samples with the holder executed from SCFC 
(ALE(f)) have shown the greatest bearing ability in comparison with other elements which has made 675 kN. 
Deformations in longitudinal fittings of a holder have made 240ɯ10-5, in cross fittings of a holder – 157ɯ10-5. The 
bearing ability of elements which holder is executed from SCC (ALE) have made 620 kN. Deformations in 
longitudinal fittings of a holder have made 154ɯ10-5, in cross fittings of a holder – 46ɯ10-5. 
It is noted also that reinforced concrete holders got into gear a bit later, due to insignificant slipping on an 
element surface.  
The ALE (f) elements were deformed with formation of a grid of small "hair" cracks (fig. 1) while ALE – with 
formation of vertical cracks which width much is more than width of disclosure in holders from SCFC. 
 
Fig. 1. Type of destruction of the ALE (f) elements: 1 – steel wave brass fiber; 2 – holder concrete. 
 
Fig. 2 (a): Dependence of N-İsc for elements: AL, ALE, ALE(f); (b). Dependence of N-İw for elements: AL, ALE, ALE(f) 
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Table 1. Tests results of experimental models in load 
Line ʋ Name of element e0/h 
Experimental 
value of load, ɤɇ 
Average 
experimental 
value, ɤɇ 
Increasing percent 
of bearing 
capacity, % 
1 
NCE 1-1 
NCE 2-1 
NCE 3-1 
0,143 
294,0 
220,5 
267,5 
 
260,7 
 
- 
2 
NCE 1-2 
NCE 2-2 
NCE 3-2 
0,286 
245,0 
220,5 
245,0 
 
237,0 
 
- 
3 
NCE 1-3 
NCE 2-3 
NCE 3-3 
0,429 
122,5 
142,1 
68,6 
 
111,1 
 
- 
4 
SNCE 1-1 
SNCE 2-1 
SNCE 3-1 
0,143 
392,0 
294,0 
338,1 
 
341,4 
 
31 
5 
SNCE 1-1f 
SNCE 2-1f 
SNCE 3-1f 
0,143 
367,5 
343,0 
416,5 
 
375,7 
 
44 
6 
SNCE 1-2 
SNCE 2-2 
SNCE 3-2 
0,286 
269,5 
240,1 
269,1 
 
259,6 
 
10 
7 
SNCE 1-2f 
SNCE 2-2f 
SNCE 3-2f 
0,286 
323,4 
298,9 
298,9 
 
307,1 
 
30 
8 
SNCE 1-3 
SNCE 2-3 
SNCE 3-3 
0,429 
127,4 
137,2 
117,6 
 
127,4 
 
15 
9 
SNCE 1-3f 
SNCE 2-3f 
SNCE 3-3f 
0,429 
166,6 
171,5 
225,4 
 
187,8 
 
69 
Table 2. Tests results of experimental models in deformations (holder constructions) 
Line ʋ Name of element e0/h 
Average relative deformations (cross) Average relative deformations (longitudinal) 
Compress zone Stretched zone Compress zone Stretched zone 
1 
NCE 1-1 
NCE 2-1 
NCE 3-1 
0,143 
- - 298x10-5 320x10-5 
2 
NCE 1-2 
NCE 2-2 
NCE 3-2 
0,286 
- - 276x10-5 295x10-5 
3 
NCE 1-3 
NCE 2-3 
NCE 3-3 
0,429 
- - 270x10-5 282x10-5 
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Continuation of the Table 2. Tests results of experimental models in deformations (holder constructions) 
4 
SNCE 1-1 
SNCE 2-1 
SNCE 3-1 
0,143 
40ɯ10-5 101ɯ10-5 5ɯ10-5 51ɯ10-5 
5 
SNCE 1-1f 
SNCE 2-1f 
SNCE 3-1f 
0,143 
150ɯ10-5 198ɯ10-5 15ɯ10-5 76ɯ10-5 
6 
SNCE 1-2 
SNCE 2-2 
SNCE 3-2 
0,286 
22ɯ10-5 121ɯ10-5 5ɯ10-5 40ɯ10-5 
7 
SNCE 1-2f 
SNCE 2-2f 
SNCE 3-2f 
0,286 
149ɯ10-5 172ɯ10-5 31ɯ10-5 52ɯ10-5 
8 
SNCE 1-3 
SNCE 2-3 
SNCE 3-3 
0,429 
20ɯ10-5 78ɯ10-5 7ɯ10-5 20ɯ10-5 
9 
SNCE 1-3f 
SNCE 2-3f 
SNCE 3-3f 
0,429 
28ɯ10-5 225ɯ10-5 26ɯ10-5 27ɯ10-5 
Table 3. Tests results of experimental models in deformations (in the strengthened elements) 
Line ʋ Name of element e0/h 
Average relative deformations (longitudinal) 
Compress zone Stretched zone 
1 
NCE 1-1 
NCE 2-1 
NCE 3-1 
0,143 284ɯ10-5 335ɯ10-5 
2 
NCE 1-2 
NCE 2-2 
NCE 3-2 
0,143 315ɯ10-5 356ɯ10-5 
3 
NCE 1-3 
NCE 2-3 
NCE 3-3 
0,286 280ɯ10-5 302ɯ10-5 
4 
SNCE 1-1 
SNCE 2-1 
SNCE 3-1 
0,286 266ɯ10-5 298ɯ10-5 
5 
SNCE 1-1f 
SNCE 2-1f 
SNCE 3-1f 
0,429 277ɯ10-5 295ɯ10-5 
6 
SNCE 1-2 
SNCE 2-2 
SNCE 3-2 
0,429 271ɯ10-5 284ɯ10-5 
 
Apparently from schedules (fig. 2 a, b), longitudinal and cross deformations increase in the ALE(f) elements with 
growth of loading, however, formation of cracks long time isn't observed. The maximum concentration of grids of 
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cracks is noted in basic parts of elements. While in ALE with growth of loading the element begins to collapse, 
longitudinal cracks on all height of a holder are formed.  
Results of experimental models in load tests are given in table 1. Results of tests of prototypes on deformations in 
holders are presented in table 2, in the strengthened elements – in table 3. 
Some experimental test results are showed in fig.3 (a, b). 
 
Fig. 3: (a) Dependence of N-İs for elements: 1 – without strengthening; 2 – strengthening by holders of SCC; 3 – the same by holders of SCFC;  
(b). Dependence of N-İsɫ for elements: 1 – without strengthening; 2 – strengthening by SCC; 3 – strengthening by SCFC. 
Durability and deformability of the strengthened columns at e0/h = 0,143. 
Not strengthened elements collapsed with formation of cross cracks and a splitting off of concrete in the middle 
of the squeezed zone. Value of an ultimate load has averaged 260,7 kN. At achievement of an ultimate load the 
element completely lost the bearing ability. 
Destruction is non-central the squeezed elements at e0/h = 0,143, the different types of concrete of strengthening 
strengthened by holders with use, happened on a holder. In the columns strengthened by the self-consolidating 
SNCE concrete value of an ultimate load has averaged 341,4 kN, and in samples strengthened self-consolidating 
steel fiber concrete 375,7 kN. 
Increase in the bearing ability of the strengthened elements due to effect of a holder is noted. 
Durability and deformability of the strengthened columns at e0/h = 0,286. 
Not strengthened elements collapsed with formation of cross cracks and a splitting off of concrete in the lower 
third of the squeezed zone. Value of an ultimate load has averaged 237,0 kN. At achievement of an ultimate load the 
element completely lost the bearing ability. 
Destruction is non-central the squeezed elements at e0/h = 0,286, the different types of concrete of strengthening 
strengthened by holders with use, happened on a holder. At the same time in the stretched zone of a holder cross 
cracks were formed, and in the squeezed zone formation of both cross, and longitudinal cracks was observed. In the 
columns strengthened by the self-consolidating concrete (SNCE) value of an ultimate load has averaged 259,6 kN, 
and in samples strengthened self-consolidating steel fiber concrete 307,1 kN. 
Increase in the bearing ability of the strengthened elements due to effect of a holder is noted. 
Durability and deformability of the strengthened columns at e0/h = 0,429. 
Not strengthened elements collapsed with formation of cross cracks and a splitting off of concrete in the lower 
third of the squeezed zone. Value of an ultimate load has averaged 111,1 kN. At achievement of an ultimate load the 
element completely lost the bearing ability. 
Destruction is non-central the squeezed elements at e0/h = 0,429, the different types of concrete of strengthening 
strengthened by holders with use, happened on a holder, at the same time in the stretched zone of a holder cross 
cracks were formed, and in the squeezed zone formation of both cross, and longitudinal cracks was observed. 
Destruction of these samples happened much quicker, than at other ratios of e0/h. 
Increase in the bearing ability of the strengthened elements due to effect of a holder is noted. 
The elements strengthened by means of SCC collapsed on a holder, in formation of a large number of 
longitudinal cracks in the squeezed and stretched zone (fig. 4,a). 
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Fig. 4. A general view of a column after carrying out tests: a) SNCE; b) SNCE (f). 
The elements strengthened by means of SCFC collapsed on a holder, however, development of cracks restrained 
presence of a steel wave brass fiber (fig. 4,b). Thus, on a surface of a holder only insignificant manifestations of a 
cracks formation are visible.  
Irrespective of a way of increase in the bearing ability (a holder with SCC, SCFC), the eccentricity of the 
appendix of loading reduces effect of a holder. In spite of the fact that the bearing ability of not strengthened 
elements is almost identical, from fig. 5 it is visible that even at great value of the relation of e0/h, an ultimate load in 
elements with SCFC is the greatest. 
 
Fig. 5. Dependence of N - e0/h for reinforced concrete elements: 1-not strengthened; 2 – strengthened by holders with use SCC; 
3 – strengthened by holders with SCFC. 
With growth of the relation of e0/h in the elements strengthened by holders with use SCC promptly plastic 
deformations grow in elements and holders which lead to final loss of the bearing ability of a design in general.  
Application of SCFC in holders of the strengthened elements allows to constrain longer cross deformations, and 
also to reach the maximum bearing ability in comparison with the elements strengthened by holders with use SCC. 
Application of SCFC significantly influences the bearing ability of the strengthened elements. 
Thus, the conducted researches have confirmed earlier obtained experimental data about increase in the bearing 
ability of the squeezed strengthened elements due to effect of a holder. 
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